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1. 

££1£IIICATI0N 
MICROriLLED DENTAL COMPOSITE AMP METHOD USING THE SAME 

. This invention relates., to a microfilled dental 
composite and to a method employing it. 

Heretofore the fillers in dental composites have 
been composed of particles from about 0.5 micron to about 
150 microns in diameter. These relatively large particles ' 
have resulted in a rougher type of finish than many practi- 
tioners desire.. Yet, although some manufacturers used a 
small amount of -submicron -filler particles, which are typi- 
cally 0.02 to 0.04 micron in diameter (to eliminate settl- 
ing , for example), they have used them only up to about 5% ' 
by weight of the composite, and most of the particles remain- 
ed relatively large. 

Recently, various manufacturers have placed on the 
market "microfilled" composites in -which all of the filler 
was in the 0.02 to 0.04 micron range, and a s-.oother finish 
was thereby obtained. However, when using these small-parti- 
cle fillers, only about 257, to 50% of the composite could be 
filler. This fact led to the disadvantage that the overall 
cotnposite exhibited a much greater cure shrinkage than 
previous composites using large-particle fillers, so that • 
the composite tended to pull away from the teeth as it cured. 
Such composites have also had a higher coefficient of thermal 
expansion and higher water sorption than those of the regular 
composites containing larger sized particles. 
Sussaarv of the Invention 

The present invention provides a microfilled dental 
composite containing from about 307. to about S3.57o filler, 
and the filler is a mixture of (1) sub-micron hydrophobic sil 
ica particles about 0.01-0.04 micron in disme-er and (2) 
glass particles in the range of 2 to 30 microns. Weightv^ise 
the glass is present in amounts equal to or in e>:cess of the 
sub-micron filler; however, due to the density differences, 
most of the filler, in terms of voliime, is sub-micron hydro- . 
phobic silica. Preferably, the glass should contain barium 
or strontium, to render it x-ray opaque. 

An important result obtained by this new composite 
is that it gives a much smoother finish than co regular com- 
posites. Although this finish may not be cuite as smcoth-s*— 
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cati be obtained by the best of the micro filled -composites 
when examined with a scanning electron microscope, the 
smoothness is quite adequate clinically, and the composi- 
tion is better overall, for, in contrast to the microfilled 
products, the chemical and mecSanical properties of this 
new dental composite are not significantly degraded in rela- 
tion to the conventional composites. 

Moreover, there is another advantage, in that the 
new material is opaque to x-rays, and the regular microfilled 
compositions are not. 
Examples of Preferred Embodiments 

The system is preferably prepared and stored as a 
txro-paste system with all compositions being present in the 
tivo pastes in identical proportions, except that in one of 
the pastes there is a curing agent or catalyst (e.g. , ben- 
zoyl peroxide) and in the other paste there is an accelerator, 
such as 2-hydroxyethyl-p-toluidine. Just before use, the " 
two halves are mixed together and icmediately start curing, 
so that they are'emplaced at once. 
Exaoole 1 

A formulation system embodying this invention com- 
prises the following illustrative ranges: 

Component Parts by Ueieht 

Ethoxylated bisphenol A dimethacrylate 53.00 - 17.5 
Triethylene glycol dimethacrylate. 4.00 - 13.5 

Ultra-vioiet light absorbent (e.g. " 

2-hydroxy-4-methoxy benzophenone) 0.4 - 1.4 

Anti-oxidant. (e.g. . • 

butyl hydroxy toluene) ^ 0.15 - 0.5 

Curing agent (e.g. 

benzoyl peroxide) 0.25 - 1.00 

Cure accelerator (e.g. ' 

2-hydroxyethyl-p-toluidine) 0.25 - 1.00 

Sub-micron hydrophobic silica particles 10.00-30.00 
Glass particles 20.00 - 67.00 

The sub-micron hydrophobic silica may be Degussa's 
Aerosil, R 972, which has a particle range of 0.01 to 0.04 
microns, with an average particle size of approximately 0-.02 
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; micron (20 x 10""^ cm). The basis for the manufacture -of 

hydrophobic silica is a very pure form of silicon dioxide 

aerosol obtained by flame hydrolysis. Its particles vary in 

diameter betx>reen 10 and 40 my. On each 100 sq. meters of surface 

area, it has about 0.5 millimor silanol groups; hence it is • 

hydrophilic. On its surface there is a one silanol group 

per 2S-33 A" Si-OH) . Hence, with 200 square meters per 

20 

gram, specif ic surface area, there are about 6.2 x 10 sil- 
anol groups per gram, i.e., one millimol. This gives a 
figure of about 2000 silanol groups per particle. 

In a continuous process, some 75% of these silanol 
groups can be chemically reacted xrLth dimethyl dichlorosi- 
lane, the resultant product having about 0.7 millimol of 
criemically combined methyl groups per 100 square meters of 
surface area. The silica when thus reacted becomes hydro- 
phobic and behaves differently in organic liquids from the 
hydrophilic material- For this purpose, freshly obtained " 
hydrophilic silica is separated from the bulk of the hydro- 
chloric acid formed in the flame hydrolysis. Then, this 
silica, dimethyl dischlorsilane, and steam are pneumatically 
fed in parallel flow into a fluidized bed reactor heated to 
about. 400 ''C by. means of an inert gas such as nitrogen. 
Besides the chemical reaction of the ch],orosilane with the 
silanol groups of the surface, the desorption of the hydro- 
chloric acid resulting from the reaction takes place in the 
reactor in a continuous stream, so that there is an analyti- 
cally assessable chlorine content of below 0.03%. The main 
quantity of hydrochloric acid. is removed from the freshly 
manufactured Si02 and the material does not yet contain any 
absorbed water. Moreover, siloxane bridges still exist on 
the surface of the particles, these having formed at the 
high temperatures used in the process. These bridges break 
up in the presence, of water vapor and chlorosilane in the 
reaction zone, x^hereupon the reaction can take place in the 
tiascent state of the silanol group formation. 

Analytical data and moisture absorption data of 

hydrophobic silica are. given in Tables 1 and 2 respectively. 
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Table 1. Analytical data on hydrophobic AERQSIL R 972 ; 
Si02 + (-CH3) 99.8% 
stjrface area (acc. to Brunauer, Emmet & Teller) 120 + 30 m^/g 
average particle size 
carbon - — - - 

pH value (4% dispersion methanol/water 1:1) 
chlorine content 
heavy netals 
As 



20 ± 10"^ cm 



1.1 ± 0.2% 
3.8 ± 0.2 
0.04 ± 0.017. 
0.003% 
0.0001% 
0.003% 
0.05% 
0.03% 
0.01% 

about 40-60 g/1 
about 20 nl/g 



AI2O3 

• Ti02 
Na20 

bulk density 
compacted volume 

Table 2. Moisture adsorption in m^/100 m^ 

Relative air humidity in- % 20 40 60 80 

. Hydrophilic silica I.3 4.0 10 30 

Hydrophobic silica 0.3 0.4 0.9 1.5 

The glass particles are preferably x-ray opaque 

and for that reason preferably contain barium or strontium. 

The ratio of glass particles to silica particles may vary 

from about 1:2 to 3:1. 

A preferred barium- containing glass may be Kimble's 

Ray-Sorb T-2000, which has a particle range of 2 to 30 * 
.ma5crons, as shown in Table 3. 

Table 3. Particle Size Distribution of Ray-Sorb T-2000 
Size . Specification 

85 - 100% greater 
60 - 85% 
35 - 60% 
10 - 25% 
0 - 10% 



2 microns 

5 
10 
20 

30 " 

This material has the following properties: 
Refractive Index: 1.58 
Thermal Expansion: 6.7 ppm/ "C (0-38°C) 
Density: 3.4 g/cc 
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Another stiitable radiopaque filler is Kimble's 
Ray-Sorb T-3000, which has the same particle size distribu- 
tion as that in Table 3 and which has the following somewhat 
different properties: 

Pvefractive Index:" 17557 ' 

Thermal Expansion: 44.4 x 10~^ (0-38*0) 

Density: 3.049 g/cc 

A third sTii table radiopaque filler, Ray Sorb T-4000, 
also has the same particle size distribution. 

A filler which is not radiopaque is struccurally ' 
as satisfactory, lacking only the disadvantage of not being 
radiopaque. For example, Kimble's Cer-Vit T-1000 has the 
same particle size distribution as that of Table 3 and the 
following properties: 

Thermal Expansion: -2.3 ppm/°C (0-38*C) 

Refractive Index: 1.54 

Density: 2.5 g/cc 

The 2-hydroxyethyl-p-toluidine (HEPT) is an accel- 
erator. Other accelerators which may be used include K, N-3, 
5-tetramethylanaline at about half the concentration of HEPT 
and N, K-dimethyl-p-toluidine at about one quarter to. one 
half of the concentration of HEPT given above. 

Benzoyl peroxide is a ctiring agent- Other organic 
peroxide curing agents may be used. Ultra-violet curing 
agents such as benzoin methyl ether may also be used, in 
which case no ultra-violet absorber is included. 

The 2-hydroxy-4-methoxy benzophenone is an ultra- 
violet-light absorbent and may be UV-5411. 
Example 2 

Some other systems have been tried in which the 
ethoxylated bisphenol A dimethacr^'-late is replaced by Bis- ' 
GUA. ,An example of this is as follows: 

Parts by Weight 
Bis-GI-IA 36. . 

Triethylene glycol dimethacrylate 24. 
Sub-micron hydrophobic silica 20. 
Barium- containing glass 20. 
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Exapiple 3 

Parts by Weight 



Bis-GMA 28.6 

Triethylene glycol dimethacrylate 19.0 

Sub-micron hydrophobic silica*''" " * 14.3 

Barilla- containing glass 38.1 

Other examples using the resins "of Example 1 
follow: ' '\ ■ 

Example 4 

Triethylene glycol dimethacrylate 11.27 

Ethoxylated Bisphenol A dimethacrylate 16.90 

Sub-micron hydrophobic silica 19.72 

Barium- containing glass 52.11 
Example 5 

Ethoxylated bisphenol A dimethacrylate 21.31 

Triethylene glycol dimethacrylate 5.33 

2-hydrox7-4-methoxybenzophenone 0.53 

Butyl hydroxy toluene 0.18 

Benzoyl peroxide * 0.40 

2-hydro3ryethyl-p-toluidine 0 . 40 

Sub-micron hydrophobic silica 20.00 , 

Barium- containing glass ^ 52.00 



When used as a txro-paste system, each of the two 
pastes contains half of the amounts shown in each example, 
except that only one of the two pastes contains -the benzoyl 
peroxide and the other one includes the 2-hydroxyethyl-p- 
toluidine. The two pastes may be stored and are nixed jusc 
prior to application and applied at once; they set ot a gel 
in about one and one-half to two and one-half minutes. 

The material of Example 5 has been compared with 
one e:ccellent non-mi cr of il led dental composite and with 
four competing microfilled composites. The test results are 
shown in Table 4: 
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7. 

As these tests show, the compressive strength of 
the dental conjposite of this invention is substantially 
greater than that of the four competing microfilled compo- 
sites and equal to that of an excellent non-aicro filled 
coaposite. The cure shrinlcage Is lower than that of any of 
the laicrofilled composites ~ much less than three of them 
— and is less than that of the non-micro filled composite 
tested. Thermal* expansion .is not much greater than that of 
the tested non-microfilled composite and much less than that 
of any of the microfilled composite. Water sorption is equal 
to that of the non-microfilled composite and very much less 
than that of the competing microfilled composites. Further- 
more, color stability is excellent, and the composite is 
opaque to x-rays. 

An advantage of this invention is that the consistency 
of the highly filled material, when the total filler content 
is about 30% to 83.5% of the total composite, is such that • 
the dentist can use an amalgam carrier for putting it into 
the cavity. This is much more convenient than the instru- 
ments customarily used to place, composite restoratives. 

Water sorption with the system is below 0.5 mg/cm^, 
even with only 30% filler. It. remains low throughout the 
filler range at every concentration tested up to 72% total 
filler with 2.6:1 barium glass : submicron silica. 

The compressive strength measured 36,000 p.s.i. at 56% 
total filler and 2:1 barium glass :aerosil. It remained at 
36,000 at 72% total filler and 2.6:1 barium glass: submicron 
silica.- 

All samples tested gave less than 0.8% shrinkage. A 
test with 72% total filler at 2.6:1 barium glass laerosil gave 
0,71% shrinkage. 

With 56% filler at 2:1 barium glass: submicron silica, 
the thermal expansion is 28.85 ppm/"C. With 72% filler at 
2,6:1 barium glass:submicron silica, the thermal exTJansion is 
29 ppm/«C. ■ ' ■ .. 

The radiopaquing effect of the barium glass beconies 
useful at about 20% barium glass, regardless of total filler 
concentration. 
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the cavity and placing retention in the dentin, or (2) by 
isolating the tooth (i.e.. by a rubber dam with a hole for 
that tooth) and then polishing with pumice to remove plaque 
and debris, follovzing by washing and drying, and then etch- 
ing for one or two minutes, "typically with 30% to 50% phos- 
phoric acid solution. 

In either event, the cavity is then cleaned, as 
by washing, and 'is then dried with air, preferably using a 
drying agent to assist and speed up the drying. Then a*" 
bonding agent is applied to the surface of the' cavity; this " 
may be a suitable bonding resin of knovm type. Tne excess 
resin is then blown out. 

The microfilled dental composite of this invention 
is then applied, freshly mixed. The cavity is somewhat 
overfilled, i.e. the composite is applied in e.xcess. using 
a matrix or other aid where needed to achieve accurate 
molding. It is then allowed to harden, it is hardened, 

the composite is then finished as by diamond, etc., grinding' 
off the e>:cass. 

Tnis material may also be utilized as a veneering 
paste in the laboratory. For example, a cast gold croxm 
was prepared to accept a plastic veneer, utilising procedures 
well known to dental laboratory technicians. A veneer was 
fashioned, utilizing a material like that in Example 5. 
except that it contained only the peroxide half of the'per- 
oxide-amine curing system. The resultant preparation was" 
heat-cured in a dental flask at 100 p.s.i. pressure and at 
115-C for one half hour. The .resultant veneer was verv hard, 
smooth, impervious to fluids, and lifelike in appearance. 
It is possible to prepare special tinted version's of this 
paste in order to duplicate incisal or dentinal shadings as 
IS commonly done by the dental technician x^th those mate- 
rials now used for this purpose. 
What is claimed is: 
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1. A f illed-resin dental composite wherein the 
filler consists essentially of a mixture of submicron par^ 
tides of hydrophobic silica, ranging from about 0,01 mic- 
ron to 0.04 micron in diameter, and glass particles ranging 
from about 2 microns to about "30 'microns in diameter. 

2. The dental composite of claim 1, wherein the 
average particles size of the glass particles is about seven 
microns . 

3. The dental composite of claim 1 wherein the 
glass is x-ray opaque. 

4. The dental composite of claim 3 wherein the 
glass contains a barium salt. 

5. The dental composite of claim 3 wher.cin the 
glass contains a strontitm salt. 

6. The composite of claim 1 x^herein the silica is 
present in the amount of 10% to 30% by weight of the composite 
and glass is present in amounts from 20% to 67% of the total 
composite, \rLth the filler total being from about 30% to 
about 83.5% by weight. 

7. A filled dental composite consisting essen- 
ti.ally of 16.5% to 75% by weight of suitable resin with 
curing agent and accelerator and 25% to 83.5% by weight of 
filler consisting essentially of a mixture of hydrophobic 
silica particles ranging from about 0.01 micron to 0.04 
micron in diameter and glass particles ranging from about 
two to thirty microns in diameter. 

8. The dental composite of claim 7 wherein the 
glass is x-ray opaque. 

9. A filled-resin dental composite consisting 
essentially of 

Component Parts bv Weight 

Ethoxylated bisphenol A dimethacrylate 53 . - 17.5 

Triethylene glycol dime thacry late 4 - 13.5 

Cure accelerator 0.4 - 1.4 

Antioxidant 0.15 - 0.5 

Curing agent 0.25 - 1.0 

Ultra violet light absorbent * 0.25-1.0 
Sub-micron hydrophobic silica particles 10 - 30 
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the silica particles ranging from about 0.1 micron to 0.04 
micron in diameter and the glass particles ranging from about 
two to about thirty microns in diameter. 

10. The dental composite of claim 9 wherein the 
glass is x-ray opaque. 

11. A veneering dental paste for heat curing con- 
sisting essentially of 16.5% to 757a by weight of suitable 
resin with peroxide ctrring agent and no amine and 25% to 
83.57. by weight of filler consisting essentially of a nii>:- 
ture of hydrophobic silica particles ranging fros about O.Oi 
micron to 0.04 micron in diameter and glass particles ranging 
from about tx^o to thirty microns in diameter. 

12. The dental paste of claim 11 wherein the 
glass is x-ray opaque. 

13. A veneering dental paste for heat curing con- 
sisting essentially of 

Component Parrs by weight 

Ethoxylated bisphenol A dime tha cry late 53 - 17.5 

Triethylene glycol- dime tha cry late 4 - 13.5 

Antioxidant - 0.15-0.5 

Benzoyl peroxide 0.25".- 1.00 

Ultra-violet light absorbent, 0.25 - 1.00 

Sub-micron hydrophobic silica particles 10 - 30 

Glass particles 20 - 67, 

the silica particles ranging from about 0J31 micron to 0.04 
micron in diameter and the glass particles ranging from 
about Vjto to about thirty microns in diameter. 

14. The dental paste of claim 13 wherein the 
glass is x-ray opaque. 

15. A filled-resin composite consisting essen- 
tially of 
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0. 
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- 1. 


0 


10 
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11. 

Component Parrs by Weight 

Ethoxylated bisphenol A dimethacrylate 
Triethylene glycol dimethacrylate 
2-hydroxy-4-methoxy benzophenone 

Butyl hydroxy toluene • - - 

Benzoyl peroxide 
2-hydroxyethyl-p- toluidine 
Sub-micron hydrophobic silica particles 
Barium- containing glass particles 

the particles size of the silica being in the range of 
about 0.01 - 0.04 micron and the particle size of the glass 
in the range of about two to thirty microns, averaging about 
seven microns. 

16. A microfilled dental composite consisting 

essentially of Approximate 

Ingredient Parrs by Weight 

Ethoxylated bisphenol A dimethacrylate 21 
Triethylene glycol dimethacrylate . 5 

2-hydroxy-4-methoxybenzophenone . 0.5 
Butyl hydro:^ toluene 0.2 
Benzoyl peroxide ' . 0.4 
2-hydroxyethyl-p- toluidine 0 . 4 

sub-micron hydrophobic silica particles , 20 
Glass particles 52, 
the particle sizes of the fillers being approximately: 
silica 0.01 - 0.04 micron 
glass 2 - 30 microns. 

17., The dental composite of claim 16 wherein the 
glass contains a barium compoimd in an amount to render it 
x-ray opaque. 

18. A microfilled dental composite consisting 

essentially of a • ^ 

Approximate 

Ingredient Parts by VJeight 

Triethylene glycol dimethacrylate 11 

Ethoxylated bisphenol A dimethacrylate 16.9 

,Sub-micron hydrophilic silica particles 19.7 

Glass particles 52.1, 

the particle sizes being approximately: ^"^^TEjC 
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silicja 0.01 - 0.04 micron 
glass 2 30 microns. 

19. The dentad composite of claim 18 wherein the' 
glass is x-ray opaque. 

20. A microfilled dental composite consisting 

essentially of Approximate 

Component Parts bv Weight 

Bis-GMA. 36 
Triethylene glycol dimethacrylate 24 • 

Sub-micron hydrophobic silica particles 20 
Glass particles 20, 
the particle sizes being approximately: 
silica 0.01 - Q.04 micron 
glass 2 - 30 microns. 

21- The dental composite of claim 20 wherein the 
glass is x-ray opaque. 

22 • A method for restoring carious lesions in a 
living tooth, comprising. 

preparing a cavity for reception of the restora- 
tion including cleaning and drying it, 

applying a bonding resin to the surface area of 

the cavity, 

removing excess resin from the cavity, 
applying in excess to the cavity a composits con- 
sisting essentially of a mixture of: . _ 

^ Approximaue 

Ingredient Parts by tv eight 

Resin, with curing agent & accelerator- 75 - 15.5 

Filler 25-83.5 
said filler being a mixture of 10 t:o 30 parts by weight of 
submicron hydrophobic silica particles about 0,01 - 0.04 
micron in diameter and. up to 67 parts by weight of glass' 
particles about 2 to 30 microns in diameter, 

curing said composite to hardness sufficient to 
withstand grinding, and 

abrasively reducing the excess to the desired 
amount. ' . ' *■ 
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AMENDED CLAIMS 
(received by the latemational Bureau on 14 July 1981 (14.07.81)) 

1. A filled-rGsin dental composite wherein the 
filler consists essentially of a miximre of submicron par- 
ticles of hydrophobic silica, ranging from about 0,01 mic- 
ron to 0.04 micron in diameter, and glass particles ranging 
from about 2 microns to about 30 'microns in diameter. 

2. The dental composite of claim 1, wherein the 
average particles size of the glass particles is about seven 
microns • 

3* The dental composite of claim 1 wherein the 
glass is x-ray opaque, • 

4. The dental composite of claim 3 wherein the 
glass contains a barium salti 

5. The dental composite of claiin 3 wher.ein the 
glass contains a strontium salt. 

6. The composite of claim 1 wherein the silica is 
present in the amount of 10% to 30% by weight of the composite 
and glass is present in amounts from 20% to 67% of the total 
composite, x-7ith the filler total being from about 30% to 
about 83.5% by weight. 

7. A filled dental composite consisting essen- 
tially of 16.5% to 75% by weight of suitable resin with 
curing agent and accelerator md 25% to 83.5% by weight of 
filler consisting essentially of a mixtxire of hydrophobic 
silica particles ranging from about 0.01 micron to 0.04 
micron in diameter and glass particles ranging from about 
two to thirty taicrons in diameter. 

8. The dental composite of claim 7 wherein the 
glass is x-ray opaque. 

(amended) 9. A filled-resin dental composite consisting 

essentially of 



Component Parts bv Weight 



Echoxylated bispnenol A dimethacrylate 


53 




17 


.5 


Triethylene glycol dimethacrylate 


4 




13 


.5 


Cure accelerator 


0 


.25 - 


1 


.0 


Antioxidsnt . 


0 


.15 - 


0 


.5 


Curing agent 


0 


.25 


1 


.0 


Ultra violet light absorbent 


0 


.4 - 


1 


.4 


Sub-micron hydrophobic silica particles 


10 




30 


* 



Glass particles 20. - 67 



14 



the silica particles ranging from about 0.1 micron to 0.04 
. micron in diameter and the glass particles ranging from about 
two to about thirty microns in diameter. 

10. The dental composite of claim 9 wherein the 
glass is x-ray opaque. 

11. A veneering dental paste for heat curing con- 
sisting essentially of 16.5% to 757* by weight of suitable • 
resin with peroxide curing agent and no amine and 25% to 
83.5% by vxeight of filler consisting essentially of a mix- 
ture of hydrophobic silica particles ranging froz: about O.Ci 
micron to 0.04 micron in diameter and glass particles ranging 
from about ti^o to thirty microns i-n diameter. 

12. The dental paste of claim 11 wherein the 
glass is x-ray opaque. 

13. A veneering dental paste for heat curing con- 
sisting essentially of 

Cotnoonent Parts by weigh t 

Ethoxylated bisphenol A dime thacry late 53 - L7.5 

Triethylene glycol- dimethacrylate 4 - 13.5 

Antioxidant • 0.15-0.5 

Benzoyl peroxide 0.25 \- 1.00 

Ultra-violet light absorbent, 0.25 - 1.00 

Sub-micron hydrophobic silica particles 10 - 30 

Glass particles 20 - 67 , 

the silica particles ranging from about Oi)l micron to 0.04 
micron in diameter and the glass particles ranging from 
about tv7o to about thirty microns in diameter. 

14. The dental paste of claim 13 wherein the 
glass is x-ray opaque. 

15. A filled-resin composite consisting essen- 
tially of . 
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Coniponenr Partis by Weight 



Ethoxylsted bisphenol A dimethacrylate 


53 




- 17.5 


Triethylene glycol dimethacrylate 


4 




- 13.5 


2-hydroxy-4-methoxy benzophenone 


0. 


4 


- 1.5 


Butyl hydroxy toluene - — — - 


0. 


15 


- 0.5 


Benzoyl peroxide 


0. 


25 


- 1.0 


2-hydroxyethyl-p-toluidine 


0. 


25 


- 1.0 


Sub-iaicron hydrophobic silica particles 


10 




- 30 


Barium- containing glass particles 


20 




-.67, 


the particles size of the silica being in 


the range 


of 



about 0.01 - 0.04 micron and the particle size of the glass 
in the range of about two to thirty microns, averaging about 
seven microns. 

16. A microfilled dental composite consisting 
essentially of . . ^ 

Ingredient Parrs bv Weisrht 

Ethoxylated bisphenol A dimethacrylate 21 
Triethylene glycol dimethacrylate . 5 

2-hydroxy-4-methoxyben2ophenone 0.5 
Butyl hydroxy toluene 0.2 
Benzoyl peroxide * 0.4 
2-hydr oxy ethyl-p- toluidine 0 . 4 

sub-micron hydrophobic silica particles 20 
Glass particles 52, 
the particle sizes of the fillers being approxi=:ately : 
silica 0-01 - 0.04 micron 
glass 2 - 30 microns, 

L7.. The dental composite of claim 16 vherein the 
glass contains a barium compound in an amount to render it 
x-ray opaque. 

18, A microfilled dental composite consisting 
essentially -of 

ApproxiLHiate 

Ingredient Parts bv VJeight 

Triethylene glycol dimethacrylate 11 
Ethoxylated bisphenol A dimethacrylate 16.9 
Sub-micron hydrophilic silica particles. 19.7 
Glass particles 52.1, 
the particle sizes being approximately: 
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16 



silica 0.01 - 0.04 micron 
glass 2 30 microns* 

19. The dental composite of claim 18 vjherein the* 
glass is x-ray opaque. 

20. A microfilled dental composite consisting 

essentially of Appro:-:iiaate 

Component Parts bv Weight 

Bis-GM^ 36 
Triethylene glycol dimethacrylate 24 
Sub-micron hydrophobic silica particles 20 
Glass particles 20, 
the particle sizes being approximately: 
silica 0.01 - 0.04 micron 
glass 2 - 30 microns. 

21. The dental composite of claim 20 wherein the 
glass is x-ray opaque. 

22. A method for restoring carious lesions in a 
living tooth, comprising, 

preparing a cavity for reception of the restora- 
tion including cleaning and drying it, 

applying a bonding resin to the surface area of 

the cavity, 

removing excess resin from the cavity, 

applying in excess to the cavity a compc£it2 con- 
sisting essentially of a mixture of: . . _ 

Ingredient Parts bv weisht 

Resin, vith curing agent & accelerator- 75 - 16.5 

Filler 25-83.5 
said filler being a mixture of 10 no 30 parts by weight of 
submicron hydrophobic silica particles about 0.01 - 0.04 
micron in diameter and. up to 67 parts by weight of glass' 
particles about 2 to 30 microns in diameter, 

curing said composite to hardness sufficient to 
withstand grinding, and 

abrasively reducing the excess to the desired 

amount. 
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